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Variable input observer for nonstationary high-rate dynamic systems
Abstract
Engineering systems experiencing events of amplitudes higher than 100 gn for a duration under 100 ms, here
termed high-rate dynamics, can undergo rapid damaging effects. If the structural health of such systems could
be accurately estimated in a timely manner, preventative measures could be employed to minimize adverse
effects. For complex high-rate problems, adaptive observers have shown promise due to their capability to deal
with nonstationary, noisy, and uncertain systems. However, adaptive observers have slow convergence rates,
which impede their applicability to the high-rate problems. To improve on the convergence rate, we propose a
variable input space concept for optimizing the use of data history of high-rate dynamics, with the objective to
produce an optimal representation of the system of interest. Using the embedding theory, the algorithm
sequentially selects and adapts a vector of inputs that preserves the essential dynamics of the high-rate system.
In this paper, the variable input space is integrated in a wavelet neural network, which constitutes a variable
input observer. The observer is simulated using experimental data from a high-rate system. Different input
space adaptation methods are studied, and the performance is also compared against an optimized fixed input
strategy. It is found that a smooth transition of the input space eliminates error spikes and yields faster
convergence. The variable input observer is further studied in a hybrid model-/data-driven formulation, and
results demonstrate significant improvement in performance gained from the added physical knowledge.
Keywords
High-rate dynamics, Input space, Embedding, Adaptive observer, Neural network, Structural health
monitoring
Disciplines
Acoustics, Dynamics, and Controls | Civil Engineering | Computational Engineering | OS and Networks
Comments
This is the peer-reviewed version of the following article: Hong, Jonathan, Simon Laflamme, Liang Cao, Jacob
Dodson, and Bryan Joyce. "Variable input observer for nonstationary high-rate dynamic systems." Neural
Computing and Applications (2018) which has been published in final form at DOI: 10.1007/
s00521-018-3927-x. This article may be used for non-commercial purposes in accordance with Wiley Terms
and Conditions for Self-Archiving.
Rights
Works produced by employees of the U.S. Government as part of their official duties are not copyrighted
within the U.S. The content of this document is not copyrighted.
Authors
Jonathan Hong, Simon Laflamme, Liang Cao, Jacob Dodson, and Bryan Joyce
This article is available at Iowa State University Digital Repository: https://lib.dr.iastate.edu/ccee_pubs/207
 	
 !"#$%&$#'"#() *+,-"#$.$--/)*,$#(	$"0*!$1"23"45"#6*789$#!"91/:;<=<>?<@ABCDEFGHIBCJK==<LM<@ANIOP?<QR<SHIBCTUVWXYZ[W\][W^_Z a`YbaY` cbdeV_WcafUVWXYZ[Wg_chW[ijklmnopqrsptuvwuxxywuvz{z|x}zx~xywxuwuvxxu|z}w|xzwvxy|uvuyy|wuuxy}zxyx|xy}xwvy|x{u}wzuuxyvyw}vwuvxx|z|xz|y|yx|zz{z|x}zxy|x{xz|w}|xwu|w}x{}uuxyyxxu||wx}xzyxzxx}{x|}wuw}wxxyzxxx|zy}x~wvy|xyx}z|wxzxyxyzxzuy}wzxx||xwyww|{|xw|uuz||wuy{uwz{uuxy|wuz{z|x}zxxy|wxzxyxyzxzuxyvxuxy|xzww}xx|xwywww|{||xwvy|xyx}zw}yxu|xuxyvxuxy|xxyzxywxwu|zxux|y|w}wwuv|xzx|wz|y{wvy|x{u}wzw||xx|wx|yxu|w}yxyxzxu||wu|xz{z|x}wu|xyxz|zwuv|xx}xwuv|xy{|xvyw|}zxxu|w{zxx|zu|zx|ywu|z||yxzxyxz|xxzzxu|w{u}wz|xwvy|xz{z|x}u|wzxy|xywxwu|zxwzwu|xvy|xwuxx|uxyux|ywuz|w||xzywxwu|zxyxyxzxyxywzzw}|xzwuvx~xyw}xu||y}wvy|xz{z|x}wxyxu|wu|zx||wu}x|zyxz|wxu|xxyy}uxwzz}yxvwuz|u|w}wx~xwu|z|y|xv{|wzu||z}||yuzw|wu|xwu|zxxw}wu|xzxyyzwxzu{wxzz|xyuxyvxuxxywxwu|zxyxywzy|xyz|wxwu{yw}x|ywxuy}|wuuyxz|zx}uz|y|xzwvuwu|w}yx}xu|wuxyy}uxvwuxy}|xx{zwuxvxwvy|x{u}wzu|zxt}xwuv|wxzxyxy xyux|y¡|y|yx|}uw|ywuv ¢£¤pq¥¦§sp¨¥¤wvy|x{u}wzxyxxuxzxxu|z}w|xzwvxy|uvuyy|wuuxy}zuxwv{x|yw}xu||}xyuxuvwuxxywuvz{z|x}zt~}xzzz{z|x}zwuxwwz|y|yxzx~zx|z|zzxuvxyxwxzx~xywxuwuvwzwuzuxywyzxy|xwxzw}|wuvyxwvux|z©ªwvy|x{u}wzuzxywz|wxy}|wuyv|wuv|yv|xz|y|yxu|xx|yuwzuzxuzyzwwu|yuuzx|z|ywwyxzuxuuvxy}uwxz©«ª¬yxwzxuu|w}xz||xxz|w}|wuwzuxxzzy{yz|z|x|yxxu|y|xy}vxu}x|xwyx©­ªxxyz||xxz|w}|wuwvy|x{u}wzwzxuvwuvyx}xxzwvuxxz|w}|y}z|uxyvxxy{z|®wvy|x¯ uxxwuvw||xwuvuwx}x~w|wxz||y|xywx|xwvy|xyx}°± ²yvxuxy|wu|wxzwu|xx~|xyuz³



























































































































































































































































































































































































































    
	      	     	
    
	
     !   "# $%
	  &!  '     ()*+, - -. - /01+2304+56*+*785259:8;<62+:9:8235=22+:8<65*.	   &.&	  &!  '     >?35564@572:8+*@8+A65B+2**56572+:=C22+:+*5*78+A5+1329:6:1*DEFGFGHIJKLLMNOPQRMORSTUVKLUVU?355;A5+,235:85;W'XB'Y+*2359<;526=8+C7+=65<5864+,235@8+A65+=<2*=759:8;<62+:D?35235:85;B5@56:=5A4?Z5*W'XYB*225*235=3*5*=75:9<Z:1<2::;:<**4*25;7A5,5:;528+764857:*28<725<*+,:A*58@2+:5645A4[+5;A5+,+;5*+:\9:8;+,564@572:8B] ^_^_^```^a\_b c13585de\-+*235+*785252+;5*25=Df8:;23+*9:8;<62+:B235855g+*2*:5C2:C:5;=A52155235=3*5*=75=8:<75A4]235=3*5*=75:9235<Z:1*4*25;B=8:@+5+*7:*28<725==8:=8+25641+23235:=2+;6=8;5258*_h\hB4+56+,ihDj57<*5*<73;=5g+*2*B2355**52+64;+7*:9235<Z:1*4*25;85=85*58@5+ihDk2+*34=:235*+l5






























































































































































































































































































































































































































































































































>?@ABCD D 7"# %" %/EF 6G H %5((  +I %
JKLMN,
OP:QRI2.QSI/2%QTI%26




















































































 !"#$ " %&"'#( " &"














































































'B	'7%&3.0112	44	 "	$>	)	3&5*1)0-, (+7E5E'	=#=9	787 011- $				"!		44	  		 $5  8!02*,0)0-,*12'	77	A	$$B565012&44	4 @4$"		@	(()02(,*1:%		'B	35=01123 		$	44			$'B	- )- 1,-(+01'8'	78		F7	A	$$01(6	$	$ 	!3#	4	 $	4	=0+ )1 -107.	?=B	?01 6	$		$3	"4	$!				$"4 	 @	B	 *0)*, 000		9	8B8	C
0112&44		3#!		 	&5	0 )((,(00*;6.$$5:	$60111E	$4 	&$	444 &*)-,0*
0 7%95011+E	4G	 	$"!		44	E$4+1)+(0,+(0-=##	5011$	4		!	!	  
/3#E$4+0)0( ,0(-20(%E'011C4	$	4		! 	3#  	&)=011		< 	3#44,20+		%<;011	$ $4		9
+-)-(01202'	77	A	$$012




!		!4! 		$ $@4"	@$$&)&		3#4		$44,2*2%=2= "	$	4E$40,*),(*7	A	$$5"5'5501:	3# $"	5*++) (0, +  1=	#216			!6=!:	3#21)*((,*2 	=;#5'		$!5	9(-)-+,(( 0	#5*
4 	$5E	*)+,00* *''5!	
	449011*'$4		 $!$9
(+ ()1((01  	3B2(&4	 			 $$	 $	9
**0)* , 1 -%/3
!	!	B06$$!"$ 4	"4		$"	9
 -()* 1*,*  (/	B5'#5.#E010'=4"#	$4 $			#8!@	2*),1IJKLMNOPQRNSTUP4E	$		3	<		$4!$	4			 >	
VWXYZ[\]^ _X`abcZbde__[afZ`a]bg
hij
